Single-chain nanoparticles (SCNPs) are ultrasoft objects obtained through purely intramolecular cross-linking of single polymer chains. By means of computer simulations with implemented hydrodynamic interactions, we investigate for the first time the effect of the shear flow on the structural and dynamic properties of SCNPs in semidilute solutions. We characterize the dependence of several conformational and dynamic observables on the shear rate and the concentration, obtaining a set of power-law scaling laws. The concentration has a very different effect on the shear rate dependence of the former observables in SCNPs than in simple linear chains. Whereas for the latter the scaling behavior is marginally dependent on the concentration, two clearly different scaling regimes are found for the SCNPs below and above the overlap concentration.
I. Introduction
Single-chain nanoparticles (SCNPs) are synthesized through purely intramolecular bonding of functionalized polymer chains. 1 These fully polymeric nano-objects are the basis of the single-chain technology, a rapidly growing research area due to the recent advances demonstrating their promising application in fields so diverse as catalysis, drug delivery, biosensing or nanocomposite design. [2] [3] [4] [5] [6] [7] [8] [9] [10] Taking inspiration from biological systems such as proteins or enzymes, it is a long term goal to design SCNPs with precise control over the chemical sequence and molecular architecture, high performance and quick response to environmental changes. Much of the research on SCNPs has been devoted to advanced synthesis and to the implementation of enhanced functionalities (catalytic, luminiscence, etc). Comparatively, little is still known about their physical properties (structure and dynamics). This is a key question, since the functionality of SCNPs should be in part related to their internal structure and dynamics (allowing, e.g., for fast response to changes in pH or temperature and for adaptation to multiple substrates). Moreover, structure and dynamics can be strongly altered in situations such as flow, confinement or crowding that are ubiquitous in multiple problems of practical interest, as e.g., diffusion in blood, membranes or cell environments.
A series of investigations by small-angle X-ray and neutron scattering [11] [12] [13] [14] have revealed that the molecular topology of SCNPs obtained through conventional routes is far from a compact, globular nano-object. 15, 16 In the good solvent conditions where the synthesis is performed, the linear precursors universally adopt self-avoiding random-walk conformations. 17 These conformations strongly promote bonding of reactive groups that are separated by short contour distances. On the contrary, two groups separated by long contour distances are statistically far from each other in the real space, and are unlikely to form cross-links. Though such events occur, their number is very low (the probability decays as a power-law with the contour distance) and insufficient to fold the precursor into a compact object. 11, [18] [19] [20] [21] [22] For a fixed length and fraction of reactive groups in the precursor the obtained SCNPs are topologically polydisperse. 11, 18, 20, 22 Thus, each initial stochastic realization of the precursor leads to a different network structure of the resulting SCNP. A distribution of network topologies is formed, which is largely dominated by sparse structures. 11, 23 SANS experiments and simulations have revealed some structural similarities between intrinsically disordered proteins (IDPs) and SCNPs. 23 Though the latter lack the ordered regions present in IDPs, they still contain weakly deformable compact domains connected by flexible strands, suggesting that SCNPs in concentrated solutions can be used as model systems, free of specific interactions, to shed light on the effect of excluded volume on IDPs in crowded environments.
The particular internal structure of SCNPs, containing loops and clusters of loops of different sizes, has a very different response in solution when the concentration is increased above the overlap density and up to the melt state. Whereas linear chains show a crossover from self-avoiding to Gaussian conformations, SCNPs collapse to more compact conformations 14, 23, 24 resembling those of the so-called fractal or 'crumpled' globule, 25, 26 characterized by a loose core and outer protrusions. As a consequence of the topological interactions (nonconcatenation of the loops), the SCNPs in concentrated solutions and melts show a weaker interpenetration than linear chains and some microsegregation in close analogy to ring polymers, which have been invoked as model systems to explain the formation of chromosome territories. 27 Very recently, we have investigated non-equilibrium aspects of isolated SCNPs (mimicking high dilution), namely the effect of shear flow on their structural and dynamic properties. 28 We have characterized the dependence of several observables of interest measuring the size, orientation and intrinsic viscosity, on the applied shear rate. The obtained power-laws have characteristic exponents that are clearly different from those found in other architectures (linear chains, rings, stars, dendrimers [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] ). Thus, SCNPs constitute a novel class of macromolecules with distinct response to shear. Interestingly, this response is, at most, weakly dependent on the specific topology of the SCNP, and it seems inherently related just to its network-like architecture. 28 Most of the studies on the conformations and intramolecular dynamics of polymeric systems under shear flow have been performed at high dilution (experimental) or for isolated polymers (simulations). Only a few studies in linear chains and star polymers have addressed the effect of the concentration. [39] [40] [41] [42] [43] [44] In this article we investigate, for the first time, the structural and dynamic properties of semidilute solutions of SCNPs under shear flow. We employ large-cale simulations including hydrodynamic interactions. We characterize the dependence of several conformational and dynamic observables on the shear rate and the concentration. We find that, when compared to simple linear chains, SCNPs exhibit a very different response to shear and crowding. Whereas linear chains esentially show a single power-law dependence on the shear rate, SCNPs exhibit two distinct regimes, with a crossover around the overlap concentration. At fixed shear rate, the size of the SCNPs shows a complex dependence on the concentration. Whereas crowding at fixed moderate and high shear rate leads to swelling of linear chains, the SCNPs may show both swelling and shrinking, as well as reentrant behavior. These findings are inherently related to the topological interactions preventing concatenation of the SCNPs, which lead to less interpenetration than for linear chains.
II. Model and Simulation Details
The simulated SCNPs were based on the bead-spring model with purely repulsive interactions, 45 capturing the basic ingredients of the system: monomer excluded volume, connectivity, and chain uncrossability (which moreover prevents concatenation of the permanent loops of the SCNPs). The SCNPs were generated trough irreversible cross-linking of isolated (mimicking the limit of high dilution) linear precursors of N = 200 monomers, of which a 25% were reactive groups randomly distributed along the chain contour, with the condition of not being consecutively placed to avoid trivial cross-links. A total of 200 fully reacted SC-NPs were used for the simulations of the solutions. The generated SCNPs were topologically polydisperse (see typical equilibrium conformations of different SCNPs at high dilution in Figure S1 of the Supporting Information (SI)). Though some of them were relatively compact 'nanogel-like' networks, most of them were sparse objects. 28 Two kind of solutions were investigated: i) topologically polydisperse, where different SCNPs were taken from the generated set and were placed in the simulation box, ii) topologically monodisperse, where all the SCNPs were replicas of the same one. Three monodisperse solutions were investigated, formed by SCNPs with a low, middle and high asphericity parameter, at the extremes and center of the obtained distribution of equilibrium asphericities. 28 We use the indices x, y, z to denote the directions of the flow, gradient and vorticity, respectively (see setup in Figure S2 in the SI). A linear shear profile was imposed by Lees-Edwards boundary conditions. 46 The hydrodynamic interactions were implemented through the multi-particle collision dynamics (MPCD) technique. 47 Further details about the model and the simulation methods are given in the SI and in Ref. 28 .
is the radius of gyration at equilibrium (zero shear rate), we define the overlap density as ρ = N (2R g ) −3 , i.e., as the number density of a cube of size 2R g containing the N monomers of a SCNP. For concentrations higher than ρ the clouds of monomers of the surrounding macromolecules enter in the cube, distorting the conformations with respect to dilute conditions. Linear chains and SCNPs experience a crossover to Gaussian and crumpled globular conformations, respectively. 14, 23 In what follows the concentration of the solution, ρ = N m /V , with N m the total number of monomers in the simulation box and V the volume of the box, will be given in reduced units, ρ/ρ . We explored concentrations in the range 0.25 ≤ ρ/ρ ≤ 6.24. The highest concentration corresponds to a monomer density ρ = 0.38, qualitatively corresponding to 300-400 mg/mL. 23 The SCNPs are unentangled even at the highest concentration. For linear chains of the same N = 200 in good solvent the entanglement concentration is ρ e ≈ (N e /N ) 3ν F −1 with N e the entanglement length in the melt and ν F = 0.59 the Flory exponent. 17 Since for the used bead-spring model N e 65, 48, 49 the entanglement concentration is ρ e 0.42, above the highest simulated concentration of SCNPs. For the SCNPs, which are less penetrable than linear chains, a reduction of entanglements with respect to their linear counterparts is expected, 50 so that their ρ e will be even higher.
We explored shear rates in the range 5 × 10 −5 ≤γ ≤ 2 × 10 −2 . In the rest of the article the shear rates will be given in units of the dimensionless Weissenberg number, W i =γτ , where τ is the relaxation time at equilibrium and high dilution ρ = 0. The value of τ was determined from the exponential decay of the correlator of R g . 28 For low Weissenberg numbers W i 1 the characteristic time for intramolecular relaxation is much shorter than the characteristic time of the shear flow, and the conformations are weakly perturbed with respect to equilibrium. For W i 1 the macromolecule cannot relax their conformations in the fast flow and is strongly elongated most of the time, though it may experience more compact transient conformations due to tumbling motion, 28, 51, 52 where the polymer contracts, flips around and extends again, with the head and tail having switched sides.
Results
We start our analysis by characterizing static observables adapted to the geometry of the shear flow. The panels (a-c) of Figure 1 show the W i-dependence of the diagonal components G µµ of the gyration tensor, along the flow (x), gradient (y) and vorticity (z) directions, in the topologically polydisperse solutions. The gyration tensor is computed as
where r i,µ and r cm,µ are the µ-th Cartesian components of the position of monomer i and the center-of-mass of the SCNP respectively. Each data set corresponds to a fixed value of the normalized concentration ρ/ρ , and the data have been normalized by the values, In all panels each W i has been rescaled by a factor to obtain the best overlap with the data set at the lowest simulated concentration ρ/ρ = 0.25 (the factor is 1 for this concentration).
This representation as a function of the rescaled Weissenberg number (W ic) is made to highlight the emergence of master curves and scaling behavior. A remarkable feature is observed in the components of the gyration tensor: whereas at low and moderate shear rates a single scaling is apparently observed, at high rates (W i 1) two clearly different powerlaw scaling regimes are found for low (ρ/ρ 1) and high (ρ/ρ 1) concentration. This observation is rather different from the case of linear chains. 40, 42 In these systems increasing the density even far beyond the overlap concentration has, at most, a very weak effect in the W i-dependence of the G µµ components, which esentially keep the power laws found at dilute conditions. In the SCNPs the crossover between the low and high concentration scaling regimes takes place in a different concentration regime for each component of the gyration tensor. These differences might be due to the asymmetric change in shape under shear flow, which leads the polymers to effectively overlap at different concentrations in different directions. Still, in all cases the crossover is found at concentrations of the order of the equilibrium overlap density. The results in panels (a-c) reveal the strong effect of crowding on the scaling of the SCNP size under shear. However, crowding has little or no effect on the W i-dependence of the orientation in shear flow. As can be seen in Figure 1d , data for m G at all the concentrations are consistent with the same power law, i.e., the molecular orientation of the inertia ellipsoid reacts to shear in the same way, irrespective of the specific effect of crowding on the molecular size and shape. 
F i is the total force acting on monomer i and µ, ν denote the Cartesian components. As in Figure 1 , each data set in Figure 2 corresponds to a fixed concentration, and the Weissenberg numbers are rescaled to obtain the best overlap with the data for ρ/ρ = 0.25. We find the same qualitative behavior as for the components of the gyration tensor: data at low W i show the same scaling, whereas at high W i two different scaling regimes are found, and the crossover between both regimes takes place when ρ is increased above the overlap concentration. The general trend for the diagonal components of the inertia tensor and the rotational frequency is to follow a weaker dependence on the shear rate at high concentrations (lower exponents). Thus, in crowded solutions shearing is less efficient for deforming and rotating the SCNPs than at high dilution, suggesting that deformation and rotation are hindered by the steric interactions with the surrounding crowders. The polymer contribution to the viscosity shows the opposite effect: shearing at high densities leads to a stronger reduction of η p . The number of side contacts at high concentration is large, so that stretching the SCNPs removes many more contacts and is more efficient to reduce the viscosity than at lower concentrations. Figure S5 in the SI shows analogous results for the components of the gyration tensor. In all cases each data set corresponds to a fixed value of the Weissenberg number, and it is normalized by its corresponding value (R 0 g ,
For any fixed Weissenberg number, increasing the concentration leads to a reduction of the orientational resistance m G , i.e., the SCNPs tend to be more aligned with the flow as the solution becomes more crowded. The data for R g in Figure 3a reveals a much more complex behavior. As expected, increasing the concentration of the solution above the overlap density leads, in equilibrium (W i = 0), to shrinking of the SCNPs.
This behavior is still found in the weakly and moderately sheared solutions (W i ≤ 1), though a much weaker shrinking is observed as W i is increased. For 1 ≤ W i ≤ 20 there is esentially no effect of the concentration: adding more SCNPs to the sheared solution, even up to ρ/ρ ∼ 6, does not change their mean size, or even leads to some weak swelling.
Unlike at lower shear rates, the SCNPs are, in average, sufficiently elongated to fill the space without significant contact with their neighbors even at high concentrations, and their size is unaltered with respect to high dilution. This effect is partially reversed by further increasing the shear rate, for which a non-monotonic dependence of the molecular size on the concentration is found. At W i > 20 adding more SCNPs to the solution leads to shrinking (with a stronger effect for higher W i), but the SCNPs start to swell if the concentration is further increased.
Since the radius of gyration is given by R 2 g = G xx + G yy + G zz , one expects that the scenario displayed in Figure 3a for the SCNPs elongated under shear flow esentially comes from the largely dominant x-contribution of the gyration tensor. This is confirmed by panel (a) of Figure S5 , where G xx shows all the qualitative trends found for R g . On the contrary, the component along the gradient direction, G yy , monotonically shrinks with increasing con-centration for all the Weissenberg numbers, which is consistent with the stronger alignment reflected in the behavior of the orientational resistance ( Figure 3b ). Crowding at low and moderate W i shrinks the molecular size along the vorticity direction z, as can be seen for G zz in panel (c) or Figure S5 . At high W i the behavior is non-monotonic, the SCNPs initially swell along the z-direction and above some concentration they start to shrink. As can be seen in panels (a) and (c) of Figure S5 , G xx and G zz at fixed W i qualitatively show opposite dependences on the concentration. Thus, increasing the concentration leads to a stronger alignment with the flow and a redistribution of the monomers within the SCNP, through stretching along one of the x, z-directions and shrinking along the other one.
It is worth mentioning that the emerging scenario displayed in Figure 3a is not related to a complex interplay of contributions of the different molecular topologies present in the polydisperse solution, responding in a different way to crowding under shear. Figure S6 in the SI shows the corresponding results for the topologically monodisperse solutions. For the three (low, middle and high) asphericities investigated the same qualitative scenario is found and the differences are only quantitative. Not surprisingly, the most deformable SCNPs, i.e., those with the highest asphericity and most sparse structures, are more affected by crowding the solution (note the highest exponent in the approximate scaling R g ∼ ρ −α at W i = 200
in Figure S6 ).
Further insight on the microscopic origin of the complex dependence of the SCNP size on concentration and shear rate can be obtained by analyzing their intramolecular correlations. large-scale statistics is that of a random-walk. 17 In the case of SCNPs in the simulated good solvent conditions this local compaction is mediated by a majority of cross-links between reactive groups close in the chain contour. 11, 23 By increasing the concentration above the overlap density a crossover to a lower exponent ν ∼ 0.35 is observed. This is rather different from the well-know transition in linear chains from the Flory (ν F = 0.59) to the Gaussian value (ν = 1/2). 17 The exponent found for the SCNPs is similar to the value ν = 1/3 for fractal globules. 25, 26 For relatively large Weissenberg numbers, W i = 20, the chain statistics of the SCNPs is almost unaffected by the concentration (Figure 4b ). This is consistent with the very weak effect observed in the molecular size (see data for W i = 20 in Figure 3a ).
The exponent ν = 0.63 indicates that the typical conformations are more elongated than self-avoiding random walks (ν F = 0.59) but still very far from straight rods (ν 
III. Discussion
The complex behavior of the concentration dependence of the size and viscosity of the SCNPs is inherent to their molecular architecture. Figure S8 in it should be noted that at such a high W i swelling is just limitted by the fact that the chains at high dilution are already close to rod-like objects and cannot be stretched much more.
Increasing the concentration has a weaker effect on the viscosity of the sheared solutions of linear chains ( Figure S8b ) than in those made of SCNPs. According to the proposed relation (3ν − 1)x = 1 (see above), the observed exponents x = 1.2 (low concentration, low W i) and 0.8 (high concentration, high W i) correspond to values ν = 0.61 and 0.75, respectively. This is consistent with the limits of self-avoing random walk (ν F = 0.59) and rod (ν R = 1) that should be approached in the former regimes.
A tentative explanation for the very different trends observed for SCNPs and linear chains in Figure 3a and S8a is as follows. When W i is high and they are strongly stretched, the macromolecules respond to an increase of the concentration by stretching even more, solutions of low, middle and high asphericity. As can be seen, crowding leads to a higher presence of the least elongated conformations (low G xx ), and in particular breaks the flat distribution (expected for well-defined tumbling motion) found at low concentration for the sparse SCNPs (panels (b) and (c)). Figure 7 shows the cross-correlator C xy of the x-and y-components of the gyration tensor for the monodisperse solutions with middle asphericity, at W i = 2, 20 and 100. The correlator is calculated as
with δG µµ = G µµ − G µµ the fluctuation of G µµ around its mean value G µµ . The correlator C xy (t) is a useful observable for detecting tumbling dynamics in the motion of polymers under shear flow. Tumbling is manifested as negative anti-correlation peaks. 36, 41 These are found in Figure 7 , confirming the presence of tumbling. However, for high Weissenberg numbers the intensity of the peaks decays by increasing the concentration, showing that crowding has the effect of reducing the contribution of tumbling to the motion of the SCNPs. This observation, together with that of Figure 6 , shows that transient compact conformations at high W i have a longer lifetime when the solution becomes more crowded, hindering the stretching of the most elongated ones and leading to the mean shrinking of the SCNP size at high W i observed in Figure 3 and S6. Still, at high W i the monotonic shrinking with increasing crowding stops above some concentration, and reentrant behavior is observed.
The reason why the SCNPs start to swell at that point is not clear. It might be related with the microsegregation into domains of low and high instantaneous values of R g (Figures S3 and S4). The development of these domains at high values of both W i and ρ may facilitate stretching and packing of the most elongated conformations, leading to the observed swelling.
IV. Conclusions
In summary, we have investigated for the first time the effect of the shear flow on the structural and dynamic properties of SCNPs in, semidilute, crowded solutions. We have characterized the dependence of several conformational and dynamic observables on the shear rate and the concentration. The emerging physical scenario exhibits remarkable differences with those of topologically simple objects such as linear chains. Whereas for the latter the shear-rate dependence is marginally dependent on the concentration, two clearly different scaling regimes are found for the SCNPs below and above the overlap concentration. Furthermore, crowding the solutions of SCNPs at fixed shear rate leads to a complex non-monotonic scenario for the molecular size, in contrast to the case of linear chains, for which increasing the concentration at moderate or high shear rate always leads to swelling.
The fractal globular conformations adopted by the SCNPs in equilibrium, originating from the topological interactions (non-concatenation constraint) that reduce interpenetrability in comparison with linear chains, have their counterpart in the strongly sheared solutions as transient compact conformations, which hinder the stretching of the most elongated conformations. These compact conformations naturally arise from the cross-linked character of the SCNPs, which limit their maximum extension far below the rod-like limit, and have a longer lifetime at high concentration due to partial supression of tumbling. This effect, together with the lower penetrability of the SCNPs arising from the topological interactions, is at the origin of the rather different response to shear and crowding of solutions of SCNPs with respect to those of simple linear chains.
Beyond the consequences on the field of non-linear rheology of complex macromolecules, 
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Model and Simulation Details
The precursors are linear chains of N = 200 beads ('monomers'). A fraction f = N r /N = 0.25 of them are reactive monomers that will form the cross-links. The N r reactive groups are randomly distributed along the linear contour of the precursor, with the constraint that two reactive groups are never placed consecutively in order to avoid trivial cross-links. The interactions are those of the bead-spring model. 1 Thus, the non-bonded interactions between any two given monomers (reactive or non-reactive) are given by a purely repulsive Lennard-Jones (LJ) potential,
Here /k B T = 1 and σ = 1 set the units of energy and length, respectively. The potential is purely repulsive with no minimum (mimicking pure excluded volume interactions in implicit good solvent) by using a cutoff distance r c = 2 1/6 σ, which moreover guarantees the continuity of the potential and forces at the cutoff.
Bonded monomers along the contour of the chain and cross-linked monomers interact via a finitely extensible nonlinear elastic (FENE) potential, 1 The precursors are coupled to the same bath but do not interact with each other. Therefore cross-linking is purely intramolecular by construction, mimicking synthesis in the limit of high dilution. Cross-linking is irreversible and monovalent. Thus, a permanent bond between two reactive groups is formed when they are separated by less than the capture distance r b = 1.3σ
and with the condition that none of them have already formed a bond with another reactive group. A random selection is made when there are multiple candidates to form a bond within the capture distance. When the bond is formed the involved monomers interact through the FENE potential for the remainder of the simulation. Figure S1 shows typical snapshots, in equilibrium at high dilution, of 6 topologically different SCNPs, covering the whole range of the obtained distribution of asphericities. 3 The asphericity 0 ≤ a 0 ≤ 1 of each SCNP is calculated at equilibrium (zero shear) and in the limit of high dilution (isolated SCNPs) as
where λ 1 ≥ λ 2 ≥ λ 3 are the eigenvalues of the gyration tensor. Higher values of a 0 correspond to larger deviations from the spherical shape.
Steric crowding in the simulations of the solutions emerges by switching on the intermolecular interactions (through the non-bonded LJ interactions between monomers of different SCNPs). For these systems we perform hybrid mesoscale simulations by coupling standard molecular dynamics (MD) for the SCNPs with multi-particle collision dynamics (MPCD) 4,5 for the solvent. The latter ensures the correct resolution of hydrodynamic interactions. The solvent is formed by N s point-like particles of mass m. The MPCD algorithm consists of two alternating steps governing the dynamics of the solvent. In the streaming step the solvent particles are propagated ballistically for a time h:
with r i and v i the position and velocity of the solvent particle i. In the collision step linear momentum is exchanged as follows. First, all the particles (solvent and monomers) are sorted into cubic cells of volume a 3 and subjected to a rotation around a random axis by an angle α with respect to the center-of-mass velocity of the cell v cm , i.e.
with R(α) the rotation matrix. This conserves the total mass, linear momentum and energy of the system. To satisfy Galilean invariance, the cubic grid used to sort the particles has to be shifted randomly (−a/2 < ∆x, ∆y, ∆z < a/2) in each of the 3 directions at each collision step. 6, 7 Homogeneous shear is simulated by imposing a linear shear profile, v x (y) =γy, with
Lees-Edwards boundary conditions. 8 In the former expressionγ is the shear rate, v x is the component of the velocity in the flow direction and y is the coordinate in the simulation box along the gradient direction. Figure S2 We investigate the shear ratesγ = 5 × 10 −4 , 10 −3 , 2 × 10 −3 , 5 × 10 −3 , 10 −2 and 2 × 10 −2 .
The reported Weissenberg numbers are defined as W i =γτ , where τ is the relaxation time at equilibrium and high dilution ρ = 0. The value of τ is determined from the decay of the correlator of R g . 3 We find τ ≈ 10 4 as the mean value of the polydisperse distribution, and τ ≈ 2 × 10 3 , 10 4 and 8 × 10 4 for the SCNPs with, respectively, low (a 0 = 0.18), middle (a 0 = 0.34) and high (a 0 = 0.47) asphericity (values atγ = 0 and high dilution) 3 that we select for generating the topologically monodisperse solutions.
The sides L x and L y = L z of the simulation box are chosen so that in all cases L µ is larger than 2 G µµ , with G µµ the diagonal component of the gyration tensor in the µ-direction and at the simulated shear rate. Thus, the box sides are varied in the ranges 28 ≤ L y,z ≤ 56 and 40 ≤ L x ≤ 132. To generate the polydisperse solutions, SCNPs are taken from the previously created set and inserted in a large box at long mutual distances that prevent concatenation.
For the monodisperse solutions, replicas of the same selected SCNP are inserted in the box.
After a short equilibration, the box is very slowly compressed to the dimensions required by the selected shear rate and concentration. After equilibration atγ = 0, the shear profile and Figure S3 . Snapshots of the simulation box for the monodisperse solution of SCNPs with low equilibrium asphericity a 0 = 0.18, at different values of the Weissenberg number and the concentration. All the SCNPs in the box are represented and they are colored according to their instantaneous radius of gyration (dark red to dark blue from lower to higher R g , grey for medium size). Figure S4 . As Figure S3 for the monodisperse solution of SCNPs with high equilibrium asphericity a 0 = 0.47. Figure S6 . For the SCNPs in the monodisperse solutions, gyration radius vs. the concentration. Data are given for equilibrium asphericities a 0 = 0.18 (a), 0.34 (b) and 0.47 (c). Each data set corresponds to a fixed Weissenberg number (see legend) and is normalized by the value (R g0 ) at its corresponding W i and concentration ρ/ρ * = 0.25. Dashed lines represent power laws. . Each data set corresponds to a fixed value of the Weissenberg number W i (see legends), and is normalized by the value for that W i at the lowest concentration ρ/ρ * ≈ 0.3. It must be noted that our definition of the overlap concentration is π/6 times the one used in Ref. 12 , so we have rescaled the data there by such a factor.
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